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CONTINUED INVESTIGATIONS IN THE NAAL LOW SPEED 
WIND TUNNEL INTO THE EFFECTS OF THE 
AIR BREATHING PROPULSION SYSTEM ON ORBITER 
SUBSONIC STABILITY AND CONTROL CHARACTERISTICS (OA62A) 

By Robert Mennell, Rockwell International/Space Division 

ABSTRACT 

Experimental aerodynamic investigations were conducted on a sting- 
mounted 0.0U05-scale representation (model 1*3-0) of the lUOA/B Space Shuttle 
Orbiter in the Rockwell Internacional 7.75- by 11.00-Foot Low Speed Wind 
Tunnel during the time period from October 5, 1973 to October 23, 1973. 

The NASA designation for this test was 0A62A. 

The primary test objective was to continue studies, initiated on tests 
0Al6 and 0A71A and QA71C, in optimizing the air breathing propulsion system 
(ABPS) and investigating the aerodynamic effects of various nacelle number/ 
location configurations on the orbiter stability and control characteristics. 

The various ABPS configurations tested all were of the short cowl, 
short diverter, 7° cowl lip angle, and 7° diverter lip angle design and, 
with the exception of the centerline nacelle, were toed-in 5° relative to 
freestream. The centerline nacelle was always parallel, to freestream. The 
various nacelle number/location groupings were as follows: l) Five single 

nacelles located underwing; 2) Six single nacelles located underwing; 

3) Five nacelles, one single centerline and two pods of two nacelles located 
underwing; H) Six nacelles, three pods of two nacelles located underwing; 




-J 


5) Six nacelles, three pods of two nacelles, one centerline underwing, 
two overwing; 6) Six single nacelles, four located underwing, two located 
on aft fuselage sidewalls. In addition to the aforementioned nacelle vari- 
ations different pylon heights and nacelle fuselage station locations were 
also tested. 

Orbiter stability and control characteristics, both with and without 
ABPS, were investigated at elevon deflections of 0°, ±5°» H0> -15 » an< ^ 
-20°; aileron deflections of 0° and 10° (about 0° elevon); and rudder de- 
flections of 0°, -7.5°, and -15°. Aerodynamic force and moment data was 
measured in the body axis system by a 2 . 5-inch Task type internal balance. 
The model was sting supported through the base region with a nominal angle 
of attack range of -4 < a < 30°. Yaw polar3 were recorded over the beta 
range of -10 < 3 < 10° at fixed angles of attack of 0°, 5°» 10° » an d !5 ° ♦ 
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NOMENCLATURE 

General 


SYMBOL 

SADSAC 

SYMBOL 

DEFINITION 

e 


speed of sound; m/sec, ft/sec 

Cp 

CP 

pressure coefficient; (p^ - p<s)/q 

M 

MACH 

Mach number; V/a 

P 


pressure; N/m 2 , psf 

q 

Q(NSM) 

q(psf) 

dynamic pressure; 1 / 20 V 2 , N/m 2 , psf 

hn/l 

rb/l 

unit Reynolds number; per ra, per ft 

V 


velocity; m/sec, ft/sec 

a 

alpha 

angle of attack, degrees 

fi 

BETA 

angle of sideslip, degrees 

* 

PSI 

angle of yaw, degrees 

* 

PHI 

angle of roll, degrees 

P 


mass density; kg/m3, s lugs/ft 3 



Reference ft C.G. Definitions 

Ab . 


base ere a; m2, ft 2 

b 

BREP 

wing span or reference span; m, ft 

C.ge 


center of gravity 

har 

* 

c 

LREP 

reference length or wing mean 
aerodynamic chord; m, ft 

8 

SREP 

wing area or reference area ; m 2 , ft 


MRP 

moment reference point 


XMRP 

moment reference point on X axle 


YMRP 

moment reference point on X axis 


2MRP 

moment reference t'oint on Z axis 

SUBSCRIPTS 

b 

1 

• 

t 

<D 

bare 

local 

static conditions 
total conditions 
free stream 




HuMMCLATURE (Continued) 
Body-Axis System 


SADSAC 

SYMBOL 

DEFINITION 

CN 

normal-force coefficient* normal force 

qS 

'CA 

axial-force coefficient* axial force 

qS 

CY 

side -force coeffl dent* side force 

qS 

CAB 

base-force coefficient* base force 

qS 

" A b(Pb ” P®)/qS ' 

CAP 

forebody axial force coefficient, C A - C Ab 

CLM 

pitching-moment coefficient* pitching moment 

iSljygp 

CXN 

yawing-moment coefficient* yawing moment 

qSb 

CBL 

rolling-moment coefficient* rolling moment 

qSb 


Stability-Axis System 

CL 

lift coefficient: 

qS 

CD 

drag coefficient; drag 
qs 

CDB 

base-drag coefficient* base drag 

qs 

CDF 

forebody drag coefficient; C D - Cj^ 

CY 

side-force coefficient* side force 

qs 

CIM- 

pitching-moment coefficient* pitching moment 

qS/pEP 

yawing-moment coefficient* y_awing moment 

qSb 

CIN 

CSL 

rolling-moment coefficient* rolling moment 

qSb 

L/D 

lift-to-drag ratio; Cj/Cq 




NOMENCLATURE (Continued) 
Additions To Standard List 


Symbol 

V 


*BC 


Plot 

Symbol 


Description 

area of model base (without OMS pods ) , ft^ 

p 

area of balance cavity, ft 

balance cavity axial-force coefficient correction 


nacelle internal duct drag axial- force coefficient 
correction 

model weight tare axial -force coefficient correction 


r BC 


r Bl,..*,5 


AILRON 


nacelle internal duct drag pitching-moment coefficient 
correction 

balance cavity pressure, psia 

model base pressure at stations 1,..,,5 respectively, 
psia 

aileron deflection angle, degrees 


ELEVON elevon deflection angle, degrees 

BDFLAP body flap deflection angle, degrees 

RUDDER rudder deflection angle, degrees 

NAC X/i NACX/L nacelle longitudinal location given as fraction 

of nacelle length from nominal position given on 
Dimensional Data, sheet 

NAC 0 nacelle toe-in angle, degrees 

NAC Lip nacelle cowl lip angle 

Outbd Sta longitudinal station of outboard nacelle location 



' CONFIGURATIONS INVESTIGATED 

The model used for this test period was an 0.0k05-scale representation 
of the Rockwell International lUOA/B Space Shuttle Orbiter. The basic 
model is of the blended wing-body design utilizing a double delta wing 
(75°/U5 °A t _ ), full span elevens (unswept hingeline), a centerline vertical 
tail with rudder and/or rudder flare capability, a canopy, and an orbital 
manuevering system (OMS). To test the orbiter in the ferry mission con- 
figuration the OMS pods are removed and air breathing engines are located 
in various number/location combinations on the wing and fuselage. 

During the air breathing propulsion system (ABPS) testing the left 
hand engine pod was instrumented with an 8 tube static pressure and 17 tube 
total pressure rake located at each engine face station. This pressure 
instrumentation was used to determine engine pressure recovery and to 
check on the repeatability of nacelle inlet assembly. 

For this test period the following nomenclature was used to designate 
the various model components. 

Description 

lUOA/B Baseline Fuselage 
lUOA/B Baseline Canopy 
Full Span Elevon used on Wing W^g 
Body Flap used on fuselage B g g 

Air Breathing Propulsion System consisting of various 
nacelle number/location combinations. See dimensional 


Component 

b 26 

G 9 

e 26 

P 8 

J fc3+58 







R_ Rudder used on Vertical Tail Vg 


V 8 

lAoA/B Baseline 

W 116 

140A/B Baseline 

s * 2690 ft 

w 

V-10 

Transition Grit 
and APBS 


Vertical Tail 

Double Delta Wing (75°A5°A t _ ) 

4J«&« 

located on model nose, swept surfaces. 
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TEST FACILITY DESCRIPTION 

Tu„nefLT“^ <»*■> T.75 x U-Foot Wind 

capable of speeds up to loJ mUes uer hoS ’ 5“^* f etUrn ty * e tu ™* 
atmospheric pressure and is 7.75 XS’wiSV^ ® eCti ° n is vented *o 
Power is supplied by a ipS LlLL Y de by 12 feet ln length, 

driving a 19 foot, seven blade lLinlt ® J le ® ounted synchronous motor 
is controlled by varying the dea-rot* nr ^ b ^f ch P r °Peller. The airspeed 
propeller by means of a'magnetic clutch 00 ' 1 ?^ 1 ' 8 ? etween the ” ot ° r and 
section in the settling cSJupstMM 7*^,“* ta T°* 

7-53 to 1 ) minimises turbulence iE STlff “? “■'faction cone (ratio 

has been in operation since June Wta and Lllb^^n,'"' 6 " AAL * lnd T “' mal 
a wide range of test conditions . ibrations are available over 

-^■S^TATSS? 5S5 . 

and two dimensional wall. Aerodynamic I*. flect 5 on plane ’ cable suspension, 
type external balance system or^?^ ! be ■'“■fed by a planar 

data Automatic Data Acquisition System”?!^ 6 ' 1 . 1 !? 461 ™ 11 balanceB • An Astro- 
ligitise, and record 12 channSs TZoJ? a? *° collect ’ "“l«Pl«. 
tape. This data is then r™£y ?ed«ed aS rfotSa^T ° n " a « netio 
processing equipment and an automatic digSi pSter ® data 


DATA REDUCTION 


The aerodynamic force and moment data presented were measured by the 
Task Corporation 2.5-inch MK IX strain gage balance. The data have been 
corrected for model base and balance chamber pressure effects, nacelle 
interned drag, model blockage influence on tunnel dynamic pressure, wall 
interference effects, sting and balance deflections, and model weight tare. 

The corrections made to axial force were accomplished in the follow- 
ing manner: 


where 


C a * c . • c. — c, — c. — c . 

S A Sc S S S 


C . . ( 

Sc * S w 


“* t ^ S ‘ )( ^* P B - 1/5 lP Bl + - + V 

and C. = nacelle internal drag correction 

a 

C. = model axial force weight tare 

The following reference dimensions were used for reducing all aero- 
dynamic data to coefficient form: 


Symbol 

Definition 

Value 

S 

2 

area of base, ft (without OMS) 

o.44oo 

Sc 

2 

area of balance cavity, ft 

0.9850 

8 w 

2 

area of wing, ft 

4.4120 
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wrapt. « h * 7" Trr' 




XMRP 

center of gravity, fus. sta. 

43.5974 

ZNRP 

center of gravity, waterplane 

16.2000 

l b 

length orbiter body, in 

52.2570 

3 w (lref) 

wing MAC, in 

19.2300 

b w (BREF) 

wing span, in 

37.9360 

C A 

axial force correction for nacelle 

0.00247 


internal drag, 5 ^ 53 ^ 56^53 



J UU,50;5U,55 

0.00206 

c _ 

pitching moment correction for nacelle 



internal drag, 

0.00082 


J 44 

O.OOO 87 


J l*5 

0.00025 


J 46 

0.00036 


J l»7 

0.00070 


J 1 * 8 , 51, 56 

0.00074 


J l*9 

O.OOO 67 


J 50,54,55 

0,00066 


J 52,53 

0.00042 


J 57 

0.00049 


J 58 

0.00054 


TABLE I 




TEST ? 


DATES 


TEST CONDITIONS 


MACH NUMBER 


REYNOLDS NUMBER 
(per unit length) 


DYNAMIC PRESSURE (STAGNATION TEMPERATURE 
(pounds/sq. inch) ,| (degrees Fahrenheit) 


1.1*4 x 10 6 /Ft. 60 lbs/ft 2 


)0+120°F 


BALANCE UTILIZED: 


Task 2.5" 


CAPACITY: 


ACCURACY: 


COEFFICIENT 

TOLERANCE: 


750 lbs 
200 lba 


4000 ln-1 


COMMENTS: 
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TEST RUN NUMBERS 
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TABLE lit - MODEL DIMENSIONAL DATA 


MODEL COMPONENT : BODY - Bog ■ 

GENERAL DESCRIPTION : -Arbiter fuselage - Con figuration lUo a/b. 


MODEL SCALE: 0 .04ns 

DRAWING NUMBER : VL7Q-000193, VL70-000140A 


DIMENSIONS: 

FULL SCALE 

MODEL SCALE 

Length (Body Nose <§ X q =238.0 IN. 

1200. V> 

52^57 

Max Width(X 0 » 1520 In.) - In. 

262.00 

10.611 

Max Depth (X Q »l464 In.) - in. 

gso-Qo 

IQ 

Fineness Ratio 
Area - Pt.^ 

_ 4.925 

i&i 

Max. Cross-Sectional 
Planferm 


JLS2SL 


Wetted 

Bos* 




TABLE IIIX - MODEL DIMENSIONAL DATA - Continued. 


MODEL COMPONENT : ELEVON - EoA . ' 

GENERAL DESCRIPTION Orbiter elevon configuration used on 

W - 


DRAWING NUMBER VL70-000400, VL7Q-00Q140B 


Area - pt.2 


FULL SCALE MODEL SCALE 


Span (equivalent) " In. 


368.34 


14.918 


Inb’d equivalent chord - In. 

Outb'd equivalent chord - In. 

Ratio movable surface chord/ 
total surface chord 

At Inb'd equiv. chord 
At Outb'd equiv. chord 
Sweep Back Angles, degrees 
Leading Edge 
Trailing Edge 
Hingeline 

m 

Area Moment (Normal to hinge line) 


0.400 


0.400 


0.000 


- 10.066 


0.057 


TABLE III. - MODEL DIMENSIONAL DATA - Continued. 

MODEL COMPONENT ; I °Q 

GENERAL DESCRIPTION 1 Orbitar canopy - Configuration used on body 

Ml 


NOaiSL SCALE: Q.ukQji 

DRAWING NUMBER : -VLTQ-QQQ14QA, VI70-000143A 


DIMENSIONS 


PULL SCALE MODEL SCALE 


Length (Xq- 434.64 670.00) - In — — Q.S32 

Max Width (X 0 - 513-13) - In. 1*2 .41 — b.m 

Max Depth (X Q - 485-00) - In. Sji.Qfl LOU 

Fineness Ratio _____ _____ 

Area ________ ______ 

Max. Cross- Seetional ________ ■ 

Planform _________ ______ 

Wetted ________ ______ 

Base , 
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TABLE III. - MODEL DIMENSIONAL DATA - continued. 

MODEL COMPONENT : . BODY FLAP - Fa __ 

GENERAL DESCRIPTION • _ Orbiter body flap configu ration uaed on 
BOB* -■ B7ff 


msm SCAL$ i O.Qtos ■ 

DRAWING NUMBER : VL70-oooHt QB. VL7n-rvvyift ft 


DIMENSIONS : 

FULL SCALE 

MODEL SCALE 

Length - In. 

94,86 

3.842 

Max Width - In. 

— afc>.n 

in. fen 

Max Depth - In. 

83,00 

0.932 

Fineness Rotio 



Area - Ft. 2 

• 


Mox. Cross-Sectional 


, - 

Planform 

— 15 8-8S 

0*261 


Wetted 








TABLE III. - MODEL DIMENSIONAL DATA - Continued. 

MODEL COMPONENT: AIR BREATHING PROPULSION SYSTEM - J 43 

CffiNERAL DESCRIPTION: Six undervlng engines installed in three nacelle 

poda. Inlet has short covl. 7° covl lip angle, short flov diverter, and 
7° diverter lip angle. Baseline engine position ® F.3. 950. 


MODEL SCALE: 0.0*0? 


DRAWING VO.: SS-A00139 


DIMENSION (EACH NACELLE): 

FULL SCALE 

MODEL SCALE 

Length - In. 

I . 

809-51 

6.485 

Max. Width • In. 

| „ 

66.00 

8-673 

! Max. Depth - In. 

66.00 

8-673 

1 Max. Pylon Width, In. 

— J&J? - 

0.800 

Area - In . 2 

Max. Cross-Sectional 

2 737-30 

4.490 

Capture 

1900.92 

3.118 

Wetted 

Base 




«Kacelle Sta. 0.0 <9 WING PODS £ PODS 



Outboard 

Inboard 

Left" 

Right 

Model Sta. - In. 

3B.475 

38.475 

387*75 

387475 

1 Vfeter plane - In. 

9.665 

9.665 

9.310 

9.310 

Buttock Plane - In. 

+ II .583 + 

8 . 9 IO 

- 1-337 

+ 1.337 

Incidence Angle - Deg. 

3.933 

3.933 

3.933 

3.933 

; Nacelle Clearance 

0.608 

0.608 

0.142 

0.142 

j Toe-In Angle 

5.000 

5.000 

0.0 

0.0 


*A11 numbers in model scale 


27 


✓ 




?-7 “ 3“ v^r % rr-. 7-\. 1' 


TABLE III. - MODEL DIMENSIONAL DATA - Continued. 

MODEL COMPONENT; AIR BREATHING PROPULSION SYSTEM - J 44 

GENERAL DESCRIPTION: Six underving exmines installed in three nacelle 

poda. Inlet has short cowl, 7° cowl lip angle, short flow diverter, and 

7° diverter lip angle. Baseline engine position ® F.S. 950. 

MODEL SCALE: 0.0405 
MODEL DRAWING NO.: SS-A00139 

DIMENSIONS (EACH NACELLE): FULL SCALE MODEL SCALE 


Length - In. 

209.51 

8.485 

Max. Width - In. 

66.00 

2-^73 

Max. Depth - In. 

66.00 

2-673 

Max. Pylon Width - In. 
Area - In.^ 

19.75 

0.800 

Max. Cross>Sectional 

2757-30 

4.490 

Capture 

1900.92 

3.118 


Wetted 

Base 



WING PODS 

£ PODS 

•Nacelle Sta. 0.0 @ 

Outboard inboard 

Left Right 

31PS75 3BT475 

Model Sta. - In. 

38*475 

38.475 

Wiaterplane - In. 

9.665 

9.665 

9.310 9-310 

Buttock Plane - In. 

+ U.583 + 8.910 

- 1-337 + 1-337 

Incidence Angle - Deg. 

3.933 " 3.933 

3.933 3-933 

Nacelle Clearance 

1.215 

1.215 

0.142 0.142 

Toe-In Angle 

•All numbers In model scale 

5.000 

5.000 

0.0 0.0 


TABLE III. - MODEL DIMENSIONAL DATA - Continued. 


MODEL COMPONENT: AIR BREATHING PROPULSION SYSTEM - J 45 

GENERAL DESCRIPTION: Six engines Installed in three nacelle nods, one ft 

underwing, two overvlng . Inlet has short eovl. 7° covl lip angle, short 

flow diverter, and 7° divert e r lip angle. Baseline engine position @ y.s. 9 50. 
P pod and 1050 win g pods. 

MOIMju Suuik: U.04o? 

MODEL DRAWING NO. : SS-A00139 


DIMENSIONS (EACH NACELLE): 
Length - In. 

Max. Width - In. 


Max. Depth - In. 


Max. Pylon Width - In. 
Area - in . 2 

Max. Cross-Sectional 

Capture 

Wetted 

Base 


"Nacelle Sta. 0.0 e 
Model sta. - in. 
Whterplane - In. 
&ittock Plane - In. 
Incidence Angle - Deg. 
Nacelle Clearance - In. 
Toe-In Angle - Deg. 


WING PODS 

Outboard 

Inboard 

42.525 

te .525 

I 6.967 

16.967 

+ U .583 

+ 8.910 

3.933 

“ 3.933 

2.430 

2.430 

5*000 

5.000 


MODEL SCALE 

-Jr. **? 

-JJZ3 

- 2 -673 

0.600 


4.490 

3.116 


& POD 


Left 

3075 

Right 

387 % 

9.310 

9.310 

1.337 

■ 1.337 

3.933 

3-933 

0.142 

0.142 

0.0 

0.0 


FULL SCALE 
209.51 
66.00 
66.00 

-JM1 


1900.92 


"All numbers in model scale 


TABLE III. - MODEL DIMENSIONAL DATA - Continued. 

MODEL COMPONENT: AIR BREATHING PROPULSION SYSTEM - 

DESCRIPTION; SIX eo , lnea lnatalt.rt <„ ~ __ ,7 

ugjeg lng, tw overylng. Inlet h. s ahort MBl . 7 , 0Ml „ n 
£I o v_ dl verier, and 7 divert.. » T gmrine M|Mm , t F $ 

950 underwing and 1050 overwing. 

MODEL SCALE: 0-0405 ~~ 

drawing NO. : SS-AOOI39 


Length - In. 

FULL SCALE 
20?. ?1 

MODEL SCALE 
8.485 

Max. Width - In. 

66.00 

2 . 6 73 

Max* Depth - In* 

66.00 

. 2.673 

Max. Pylon Width, In. 

19-75 

0.800 

Area - In . 2 



Max. Cross-Sectional 

-g 737.30 

4.490 

Capture 

1900.92 

3.118 

Wetted 



Base 




^Nacelle Sta. 0.0 ® 

Model Sta. - In. 

Waterplane - in. 

Bittoek Plane - In. 
Incidence Angle - Deg. 
Nacelle Clearance - in. 
®oe-In Angle - Deg. 

♦All numbers in model scale 


0VEWING PODS 


Out ooard 

Inboard 

Left 

fc.525 

I 6.967 

42.525“ 

I 6.967 

38T57T 

9.310 

♦ 11.583 

♦ 8.910 

- 1.337 

3.933 

3.933 

3-933 

1.215 

1.215 

0.142 

5.000 

5.000 

0.0 


UNDERWING POD 


36 . 
9.310 
♦ 1-337 
3.933 
0.142 
0.0 




TABLE III, - MODEL DIMENSIONAL DATA - Continued, 

MODEL COMPONENT: AIR BREATHING PROPULSION SYSTEM - J^ 7 

OQIEfiAL DESORIPnOH: _31x «n«lM. Inst alled un^rvlng. Tr,l», 

hM_«tort coni. 7 0 oo»l Up an gle, .tort flow aiv er t.r. 7° djwrtgr 11) 
angle. 

MODEL SCALE: n .nhoH 

DRAWING NUMBER: SS-AOOL39 

DIMENSIONS (EACH NACELLE): TO „ T 

' ' ,r / * FULL SCALE urtnnr 


Length - In. 

Mtx. Width - In. 

Mu. Depth - In. 

Mu. Pylon Width - in. 
Area - In. 2 

Mu. Groee-Sectlonal 

Capture 

Wetted 


FULL SCALE MODEL SCALE 
222J1 (DiR* 

■i- 66,00 -g.fire 

66.00 O 


•Nacelle Sta. 0.0 0 

Model Sta. - in. 

Waterplane - In. 

Incidence Angle - Deg. 
Nacelle Clearance - In. 
Toe-In Angle - Deg. 

Button Plane - in. 

•All nunbere in nodel scale 


WING ENG . 

Outboard Inboard 
43.619 1*0.500 


9.621 
3.933 
0.606 
9.000 
± 12.960 


9.230 

3.933 

0.606 

5.000 

6.910 


Left 

33^75 

9.270 

3-933 

0.243 

0.0 

• 2.228 


BOOT ENG . 
Right 
337*75 
9.270 
3.933 
0.243 
0.0 
2.226 


O 








TABLE III. - MODEL DIMENSIONAL DATA - Continued. 
MODEL COMPONENT: AIR BREATHING PROPULSION SYSTEM - J48 


FULL SCALE MODEL SCALE 


GENERAL INSCRIPTION: Six engines Installed in three nacelle pods flush- 

mounted to underwing surface. Inlet has short cowl. 7° cowl lip angle, 
short flow diverter, and 7° diverter lip angle. Baseline engine position 
<9 F.S. 9.50 £ and 1050 ving pods. 

MODEL SCALE: 0.0405 

DRAWING NO.: SS-A00139 
DIMENSIONS (EACH NACELLE) 

Length - In. 

Max. Width - In. 

Max. Depth - In. 

Max. Pylon Width • In. 

Area - In.^ 

Max. Cross-Sectional 
Capture 
Wetted 
Base 

«Nhcelle Sta. 0.0 $ 

Model Sta. • In. 

Waterplane - In. 

Buttock Plane - In. 

Incidence Angle -Deg. 

Nacelle Clearance - In. 

Toe-In Angle - Deg. 

•All nuahers in model scale 


209.51 

8.485 .... 

66.00 

2.673 

66.00 

2.673 

— m 


2737-30 

4.490 

1900.92 

3.118 




WING PODS 

£ POD 

Outboard 

Inboard 

Left - 

Right 

3^475 

1(2.525 

1(2.525 

38.5fT 

10.110 

10.110 

9.370 

9.370 

+ 11.583 

+ 8.910 

- 1.337 

♦ 1-337 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

5.000 

5.000 

0.0 

0.0 
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TABLE III. - MODEL EHMEN3I0HAL DATA . Continued. 

MODEL CONFOH9T: AIR BREATHIHQ PROPULSION SYSTEM - Jfo 

G5HERAL DESCRIPTION | Five engines installed undenting In tw> nacelle nods 
and one single centerli ne engine inlet hag short covl. 7° eovl ilp angle. 
ghort flow diverter . 7° diverter lip angle. Baseline engine position Q 05 0 F.S 
MODEL SCALE: Q.otos 

DRAWING NUMBER: 8S-A00139 


DIMENSIONS (EACH NACELLE): 

FULL SCALE 

MODEL SCALE 

Length - In. 

-209-51 


Max. Width - la. 

66.00 

3.671 

Max. Depth - la. 

66.00 

. 2.673 

Max. Pylon Width - la. 

19*75 

0.800 

Area - la. 2 



Max. Cross-Sectional 

2737.30 

4.^90 

Capture 

1900,92 

GO 

• 

m 

Wetted 




Base 


gfccelle Sta. 0.0 § 

Nodal Sta. - la. 
Waterplane - In. 
Buttock Plane - la. 
Incidence Angle - Deg. 
Nacelle Clearance - In. 
Toe-In Angle - Deg. 


who pods 

l ENGINE 

Outboard 

Inboard 

l 

35*73"“ 

38.475 

wm 

9-665 

9.665 

9.310 

+ 11.583 

♦ 8.910 

0.0 

3.933 

" 3.933 

3*933 

0.608 

0.608 

0.142 

5.000 

5.000 

0.0 


*A11 numbers la aodel scale 





"inPPP 


TABLE III. -MODEL DDQM8X0KAL DATA - Continued. 

MODEL CCMPOHEHT: AIR BREATHIMO PROFULSIOB SYSTEM - Jgp 

GERERAL DESCRIPIIOM: Five sin gle engi ne installed undenting. Inlet ha s 

short covl. 7° covl lip angle, short flow diverter. 7° diverter lip angle . 

MODEL SCALE: 0.0405 

DRAWHG RO.: SS-A00139 


DIMERSIGRS (EACH KACELLE): 

FULL SCALE MODEL SCALE 

Length - In. 

209-51 

8.485 

Max. Width - In. 

66.00 

2.673 

Hue. Depth - In. 

66.00 

2.673 

Max. Pylon Width - In. 

J9-75 

0.800 

Area - In. 2 



Max. Cross-Sectional 

2737.30 

4.4po 

Capture 

1900.92 

3.118 

Wetted 



Base 



«BaceUe Sta. 0.0 • 
Model Sta. - In. 
Waterplane - In. 

Buttock Plane - In. 
Incidence Angle - Deg. 
Macelle Clearance - In. 
Ibe-In Angle - Deg. 

VUtQ EUCHRE 
Outboard Inboard 
♦ 1*0.500 * 36.4^0 

9.621 “ 9.230 

+ 12.920 + 8.990 
3-933 " 3.933 

0.608 0.608 

9.000 3.000 

BO W ERGHE 
Centerline 

“ 35 : 575 “ 

9.310 

0.0 

3-933 

0.14P 

0.0 


«!A11 nusbsrs in nodel scale 
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TABLE III. - MODEL DIMENSIONAL DATA - Continued. 


MOOEL COMPONENT: AIR BREATHING PROPULSION SYSTEM - 

- - 51 

GENERAL DESCRIPTION: Six engines Installed In three nacelle pods flush mounted 


to underwing surface. Inlet has short cowl. 7° cowl up angle, shirt flow 
diverter, end 7* diverter Up angle. Baseline engine position 0 F.S. 440 


and F.S. 1100 wlno pods. 
MOOEL SCALE: 0.040S 
DRAWING NO.: SS-A00139 
DIMENSIONS (EACH NACELLE): 

Lenqth - In. 

Mm. Width - In. 

Max. Depth - In. 

Mix. Pylon Width • In. 
Area - In. 2 

Max. Cross-Sectional 

Capture 

Watted 

Base 




FULL SCALE 

MODEL SCALE 

209.51 

8.485 

66.00 

2.673 

66.00 

2.673 

2737.30 

4.490 

1900.92 

3.118 


•Nacelle Sta.O.Ot 


Model Sta. - In. 
waterplane - In. 
Buttock Plane - In. 
Incidence Angle • Deo. 
Nacelle Clearance • In. 
Toe-In Angle - Deg, 


Wlno PODS 

Outboard Inboard 

Left ! 

44.550 

44.550 

17.820 

10.110 

10.110 

9.370 

± 11.583 

t 8.910 

- 1.337 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

S.000 

5.000 

0.0 


C POD 

f» n 


17.620 

9.370 

1.337 

0.0 

0.0 

0.0 


*A11 number* in Model scale 
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TABLE III. - NOBEL BZNER3I0RAL DATA - Continued. 


r.igWERAT, nRSCRTPTTOi! six engines Installed In three nacelle _pods_j_ 

flush- 

mounted. One undenting 9 . at Sta. 

950 and two overvlng at Sta. 1100 

Inlet has 

short cowl. 7 ° cowl lip angle, short flow diverter. 7° diverter lip angle. 

NOBEL SCALE: 0.0405 

DRAWING HO.: SS-A00139 

DINERSI0V3 (EACH NACELLE): 

PULL SCALE 

NOBEL SCALE 

Length * In. 

209-51 

fl..4fl5 

Nax. Width - In. 

66.00 

2.673 

Hue. Depth - In. 

66.00 

■2.633 

Nax. Pylon Width - In. 

a m 

— 

Area - In.® 

Nax. Cross-Sectional 

2 731:35— 

.4, 

Capture 

1900.92 

^.118 

Wetted 





WING PODS 1 POD 

•Nacelle Sta. 0.0 • 

Outboard Inboard Left 

Ri^t 

38^5 

Nodel Sta. - In. 

VTW5~ 5TBT 3KS75 

Watorplane - In. 

14.534 14.534 9*370 

9.370 

Buttock Plane - In. 

* 11.583 + 8.910 • 1.337 

♦ 1*337 

Incidence Angle - Deg. 

0.0 0.0 0.0 

0.0 

Nacelle Clearance - Deg. 

0.0 0.0 0.0 

0.0 

Toe-In Angle - Deg. 

5.000 5.000 0.0 

0.0 


•All numbers In nodal aonla 



I 


i 

i 


SW5I* HI. - MODEL DIMENSIONAL DATA - Continued. 

' r 

MODEL COMPONENT: AIR BREATHING PROPULSION SYSTEM - J 53 

GENERAL DESCRIPTION: Six engines installed In three nacelle pods, flush- 

mounted. — One undarw lng at Sta. 440 and tvo overving at Sta. 1100. Inlet ha s 
short covl. 7° covl lip angle, short flow diverter. 7° diverter lip angle. 

MODEL SCALE: 0.0»l05 

DRAWING NO.: SS-A00139 


DIMENSIONS (EACH NACELLE): 

FULL SCALE 

MODEL SCALE 

Length - In. 

209-51 

8.435 

Max. Width - In. 

66.00 

2.673 

Max. Depth - In. 

66.00 

2.673 

Max. Pylon Width - in. 



Area - In.® 



Mix. Cross-Sectional 

2737-30 

4.4qo 

Capture 

1900.92 

3.11ft 


Wetted 


Base 


«Bacelle Sta. 0.0 & 

Model Sta. - In. 

Vfeterplane - In. 

Buttock Plane - In. + 

Incidence Angle - Deg. 

Nacelle Clearance - Deg. 

Toe-In Angle - Deg. 

*A11 numbers In model scale 


OVERWING PODS 

UNDERWING POD 

Outboard 

Inboard 

Left 

Right 

44,5$6 

w:i$o 

’ ITB20 

17.820 

14.534 

14.534 

9.370 

9.370 

U.583 

+ 8.9IO 

- 1.337 

+1.337 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

5.000 

5.000 

0.0 

0.0 


37 
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TABLE III . - MODEL DIMENSIONAL DATA - Continued. 


MODEL COMPONENT: AIR BREATHING PROPULSION SYSTEM - J$k 

GENERAL DESCRIPTION: Five single engines Installed underving. Inlet has 

short covl. 7 covl lip eagle, short flow diverter, 7 diverter lip angles 


Pylon brace struts have been added to pylons. See installation photographs. 
MODEL SCALE: 0.0405 


DRAWING NO.: SS-AQ0139 
DIMENSIONS (EACH NACELLE): 
Length - In. 

Max. Width - In. 

Max. Depth - In. 

. Max. Pylon Width - In. 
Area - In.^ 

Max. Cross-Sectional 

Capture 

Wetted 

Base 


FULL SCALE 
209.51 


MODEL SCALE 

IMS 


66.00 


2 t 67.1, 


66.00 


2 , 1.611 


JJLZL 


0. 90Q - 


2737.30, 


4.490 


1900.92 


3.118 


*Nacelle Sta. 0.0 § 
Model Sta. 0.0 8 
Waterplane - In. 
Buttock Plane - In. 
Incidence Angle - Deg. 
Nacelle Clearance -In. 
Toe-In Angle - Deg. 


WING ENGINE 

BODY ENGINE 

Outboard 

Inboard 

Centerline 

+ 40.500 

+ 36.^50 

357575 

9*621 

9-230 

9.310 

+ 12.920 

+ 8.990 

0.0 

3.933 

3.933 

3.933 

0.608 

O .608 

0.142 

5.000 

5.000 

0.0 


♦All numbers In model scale 
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TABLE III. - MODEL DIMENSIONAL DATA - Continued. 

MODEL COMPONENT: AIR BREATHING PROPULSION SYSTEM - J«;c ; 

GEMERAL DESCRIPTI01f : five single engine a installed underwit^. inlet has 
sh ort covl, 2 covi Up angle, short flov d iverter. 7 diverter Up 


MODEL SCALE: Q.Q4Q5 

DRAWIKO NO.: SS-A00139 

DIMENSIONS (EACH NACELLE): 
Length - In. 

Max. Width - In. 

Max. Depth - In. 

Max. Pylon Width - In. 
Area - In. 2 

Max. Cross-Sectional 

Capture 

Wetted 

Base 


"Nacelle Sta. 0.0 a 
Model Sta. - In. 

Waterplane - in. 

Buttock Plane - In. 
Incidence Angle - Deg. 
Nacelle Clearance - In. 
Toe-In Angle • Deg. 

•All numbers in model scale 


FULL SCALE MODEL SCALE 


- 2 Q 9 i 51 

• kVMMM wwruiw 

8.485 

66.00 

2.673 

66.00 

2.673 

55.00 

2.228 

- 2737.30 

4.490 


1900.92 3.118 

WSmiiiiiii III Mum 


WHO ENGINE 
Outboard Inboard 

+ "0. 500 + 35^50 

9.621 " 9.230 


+ 12.920 
3.933 
0.608 
3.000 


+ 8.990 
3-933 
0.608 
5.000 


BODY ENGINE 
Centerline 
38.475 
9.310 
0.0 

3.933 

- 0.142 

0.0 
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TABLE III. - MODEL DIMENSIONAL DATA - Continued. 

MODEL COMPONENT: AIR BREATHING PROPULSION SYSTEM - J% 

GENERAL DESCRIPTION: Six single engines installed under wing. flrnihj -mounted. 

Inlet has ahort covl, 7° covl Up angle, short flov diverter. 7° diverter 
lip angle. 


MODEL SCALE: q.qAqs 

DRAWING NO.: SS-A00139 

DIMENSIONS (EACH NACELLE): 


FULL SCALE MODEL SCALE 


Length - In. 



209.51 

8.48«i 

Jfex. Width - In. 



66.00 

2.67S 

Ifetx. Depth - In. 



66.00 

2.673 

Max. Pylon Width- In. 



««• 


Area - In . 2 





Max. Cross-Sectional 


2737.30 

4.490 

Capture 


1900.92 

3.118 

Wetted 





Base 





♦Nacelle Sta. 0.0 ® 

WING ENGINE 

BODY ENGINE 

Outboard 

Inboard Left 

Right 

38.475 

Model Sta. - In. 

43.619 

4o."5o6' 

S57Ii:75 

Waterplane - in. 

11.1*95 

11.182 

9.537 

9*537 

Buttock Plane - In. 

+ 12.920 

+ 8.910 

- 2.228 

+ 2.228 

Incidence Angle - Deg. 

0.0 

0.0 

0.0 

0.0 

Nacelle clearance - In. 

0.0 

0.0 

0.0 

0.0 

Toe-In Angle - Deg. 

5.000 

5.000 

0.0 

0.0 


♦All numbers in model scale. 


AO 
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TABLE III. - MOSEL DIMENSIONAL DATA - Continued. 

MODEL COMPONENT: AIR BREATHING PROPULSION SYSTEM - J 57 

GESEIRAL DESCRIPTION j Six single engines, two on fuselage sides at Sta. 
1120, four underwing at Sta. lfo? and Sta. 1077. Inlet has short cowl. 
?° covl lip angle, short flov diverter. 7° diverter lip angle. 


MODEL SCALE: 0.0^t05 



DRAWING NO. : SS-A00139 



DIMENSIONS (EACH NACELLE): 

FULL SCALE 

MODEL SCALE 

Length- In. 

209-51 

8.43S 

Max. Width - In. 

66.00 

2.673 

Max. Depth - In. 

66.00 

2.673 

Max. pylon Width - In. 

19.75 

JL0OO 

Area - In.^ 



Max. Cross-Sectional 

2737.30 

4.490 

Capture 

1900.92 

3.118 

Wetted 



Base 




♦Nacelle Sta. 0.0 jg 
Model Sta. - In. 
Waterplane - In. 

Buttock Plane - In. 
Incidence Angle - Deg. 
Nacelle Clearance - In. 
3be-In Angle - Deg. 


WING ENGINE BODY ENGINE 


Outboard 

Inboard 

Left 

Right 

S3.&9 

557 500 

557360 

SiTlSb 

9.621 

9.230 

16.605 

16.605 

+ 12.920 

+ 8.910 

- 6.359 

+ 6.359 

3.933 

3.933 

0.0 

0.0 

0.608 

0.608 

0.871 

0.871 

5-000 

5.000 

0.0 

0.0 


♦All numbers in model scale 



O 






TABLE III. - MODEL DIMENSIONAL DATA - Continued. 


MODEL COMPONENT: AIR BREATHING PROPULSION SYSTEM - Jgfl 

GENERAL DESCRIPTION: Six single engines, tvo on fuselage sides at Sta. 1120. 

four underwing at Sta. 950 and Sta. 1000. Inlet has short cowl, 7° covl lip 

angle, short flov diverter. 7° diverter lip angle. 

MODEL SCALE* 

DRAWING NO.: SS-A00139 


DIMENSIONS (EACH NACELLE): 



FULL SCALE 

MODEL SCALE 

Length * In. 



209.51 

8.485 

Max. Width -In. 



66.00 

2-673- 

Max. Depth - In. 



66.00 

2.673 

Max. Pylon Width - In. 



19.75 

0.800 

o 

Area - In. 

* 





Max. Cross-Sectional 



2737.30 

4.490 

Capture 



1900.92 

1.118 

Wetted 





Base 





♦Nacelle Sta. 0.0 0 
Model Sta. - In. 
Waterplane - In. 
Buttock Plane - In. 
Incidence Angle - Deg. 
Nacelle Clearance - In. 
Toe-In Angle - Deg. 

WING ENGINE 
Outboard Inboard 

to. 500 38.^75 

9*230 9*270 

+ 8.910 + 2.228 

“ 3*933 ” 3*933 

0.608 0.243 

5*000 5*000 

BODY ENGINE 
Left Right 

45360 457380 

16.605 16.605 

- 6.359 6.359 

0.0 0.0 

0.871 0.871 

0.0 0.0 


♦All numbers in model scale 
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TABLE III. - MODEL DIMENSIONAL DATA - Continued. 

MODEL COMPONENT RUDDER " R S — — 

GENERAL DESCRIPTION rndiipr nsfift nn YKRTTfiftT. - Yq. 


MODEL SCALE: 0.0405 

DRAWING NUMBER . VL 70 -OOOO 9 S 


DIMENSIONS 

p 

Areo - Ft. 

Span (equivalent) - In. 

Inb'd equivalent chord ” In. 

Outb'd equivalent chord - In. 

Rotio movable surface chord/ 
total surface chord 

At Inb'd equiv. chord 
At Outb'd equiv. chord 
Sweep Back Angles, degrees 
Leading Edge 
Trailing Edge 
Hingeline 

Area Moment (Normal to hinge line) Ft. 


FULL SCALE 

MODEL SCALE 

106,38 

O.I74 

201.00 .... 

8.141 

23-53 

U& 


2.Q53. 


Q.koo - o-^oo 


n lirirt 


34.830 

34.830 

OCA 

28.25Q__ 

34.830 

34.830 

\ SPfS.l 3 

0.035- - ■ 


43 
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TABLE III. - MODEL DIMENSIONAL DATA - Continued. 


MODEL COMPONENT : VERTICAL - V» 

GENERAL DESCRIPTION: 

, vrete.sarefrUUy- ... 


« m&i SUM 5 

» 

DRAWING NUMBER: YL7Q.-QQQ.ltoA, JgJQaQQQLllSA 

DIMENSIONS: FULL-SCALE MODEL SCALE 


TOTAL DATA 

Area (Theo) - Ft 2 
Planform 
Span (Theo) In 
Aspect Ratio 
Rate of Taper 
Taper Ratio 

Sweep Back Angles, degrees 
Leading Edge 
Trailing Edge 
0*25 Element Line 
Chords: - in. 

Root (Theo) UP 
Tip (Theo) WP 
MAC 

Fus* Sta* of *25 MAC 
W. P. of .25 MAC 
B. L. of .25 MAC 
Airfoil Section 

Leading Wedge Angle - Deg 
Trailing Wedge Angle - Deg 
Leading Edge Radius 
Void Area 
Blanketed Area 


JilaiL. 
. IML 
7. 


m 


.to* 


ML 

HE 



g-oa 

UM. 


0-676 

1.675 

Q.5Q7 


45.QQQ 

,25 ,.a& 

JtLXSL 

JiLM 
Jum 
JLS& 2. 
59.272 
25J.afl 
JUL. 

IQiQQQ 

IktjjBflL 

■2.00- 

JLQ22. 


TABLE III. - MODEL DIMENSIONAL DATA - Continued. 


MODEL COMPONENT : WING»W, lft 

GENERAL DESCRIPTION : arbiter delta wing configuration used on BODY - with 





"■ ' ' VL70-000140B 


TEST NO. W6 » VT.70-0QQMQ 


DIMENSIONS: 


FULL-SCALE MODEL SCALE 


TOTAL DATA _ 2 

Area \iheo.) - Ft 2 
Planform 


Span (Theo In* 

Aspect Ratio 
Rate of Taper 
Taper Ratio 

Dihedral Angle, degrees 
Incidence Angle, degrees 
Aerodynamic Twist, degrees 
Sweep Back Angles, degrees 
Leading Edge 
Trailing Edge 
0*25 Element Line 
Chords: - In. 

Root (Theo) B.P *0*0* 
Tip, (Theo) B.P. 

MAC 

Fus. Sta. of *25 MAC 
. W.P. of .25 MAC 
B.L. Of .25 MAC 


\ 


EXPOSED DATA * 

Area (mao) - Ft 
Span, (Theo) - In. BP108 
Aspect Ratio 
Taper Ratio 
Chords - m. 

Root BP108 
Tip 1.00 b 

MAC 7 
Fus. Sta. of .25 MAC 
W.P. of .25 MAC 
B.L. of .25 MAC 

Airfoil Section (Rockwell Mod NASA) 
XXXX-64 

Root ^ • .L25 (i) 

Tip | • 1.000 H) 

Data for (1) of (2) Sides 

Leading Edge Intersects Pus M. L. # SU 
Leading Edge Intersects Wing t SU 


45 



0-500 





lasg.sL 

— tst 

17Q JSS— 


12.0 











0-500 


3-000 




3-038 

tt.h53 

2'71'g 

0.126 — 

aoift — 

P.^'a — 

m= 


ILi 

12.0 



TABLE III. - MODEL DIMENSIONAL DATA - Continued. 


MODEL COMPONENT; WINS-W,,^ 

GENERA. DESCRIPTION:. _Qrbj ter Delta Vino wnf< l >i, w .t.< n n nn anny - 


MODEL SCALE; 0.0405 

TEST NO. 

DIMENSIONS: 

TOTAL DATA . 

Area (Theo.) - Ft z 
PI an form 
Span (Theo)-In. 

Aspect Ratio 
Rate of Taper 
Taper Ratio 

Dihedral Angle, degrees (x_ « 1506 . 62 ) 
Incidence Angle, degrees v 
Aerodynamic Twist, degrees . 

Sweep Back Angles, degrees 
Le? ,jg Edge 
ting Edge 
0.25 Element Line 
Chords: - In. 

Root (Wing sta. 0 . 0 ) 

Tip, (equivalent) 

MAC 

Fus. Sta. of ,25 MAC 
W.P. Of .25 MAC 
B.l. of .25 MAC 
EXPOSED DATA , 

Area imeo) - Ft 4 
Span, (Theo) - In. BP108 
Aspect Ratio 
Taper Ratio 
Chords : - In. 

Root BP108 
Tip 1.00 b 

MAC ^ 

Fus. Sta* of .25 MAC 
H.P. of .25 MAC 
B.L. Of .25 MAC 

Airfoil Section (Rockwell Mod NASA) 
XXXX-64 

Root • .425 Boot f 

T1pb» 1 . 00 * 

Data for (1) of (2) Sides 
Leading Edge Cuff » 

Pi inform Area Ft 2 

Leading Edge Intersects Fus N, L. # Sta 
Leading Edge Intersects Wing • Sta 


owe. no._ 

FULL-SCALE 


VL 70 -000140 B 

mjn-iwnU™ 

MODEL SCALE 


-S6SQ.QQ 
—936 >66 , 

. .. 2.261 

— , 1,177 

SL2QP 

l&P 

£L2X> 

.. 41 .00 
— , 10.016 

^■2qq 

-68Q.2U 

-13ZJI5 
—474.61. 

■ U20.7P 

■ 1fl7i33 

3 


jLm 






ivr. 


354 

m 


.24 


1164.24 


m 


-4-412 

-£.265 

-J..177 

. 0.200 

—3*300. 

n.mo 

—3*000. 

■ 41.000 
-00*016 

SS.POQ 

-2Z*91k. 

.19*230 
Jt6*632 
JJ-JQ6 
. 7.1ft7 


-JL9Z 


jl iflsa 


a. 


^ 3*110 


.,1.163 


Mia. 




-SL22L, 


JJU3— iua 

12*0 — i2*a 









46 


TABLE III. - model DIMENSIONAL DATA - Continued. 

MODEL COMPONENT: TRANSITION GRIT - Xq 

GENERAL DESCRIPTION: _Orit located on model nose and all swept surface 
to provide forced boundary layer tranajtlon. 


NOMINAL GRIT DIAMETER - IN. 

Fuselage 0.0054 

All surfaces except fuselage 0.0076 

STRIP THICKNESS - In. 0 . 10 

LOCATION: 

Inches aft of local leading edge 
(streanvlse) 1 qo 




mmsm® i ! w <« w*wjw wj m 1 ■ [ ! "" i m* i i iw* " iw ' ■ . • . 


TABLE III. - MODEL DIMENSIONAL DATA - Concluded. 
MODEL COMPONENT: TRANSITION GRIT X 10 

GENERAL DESCRIPTION: Grit located on nacelle inner and outer surface 

to provide forced boundary layer transition. 


NOMINAL GRIT DIAMETER - IN. 


Nacelle 

0.0054 

All surfaces except nacelle 

0.0076 

STRIP THICKNESS - In. 

0.10 

LOCATION: 



Inches aft of local leading edge 
(streaond.se) 


1.00 















a. Front view, NAAL installation, configuration 
e 26 c 9 f 8 J i*8 w ll .6 E ?6 v 8 Rr > x 10 



b. Bottom view, NAAL installation, nacelles with brace struts 
Figure 3. Model photographs. 
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APPENDIX 

TABULATED SOURCE DATA 


Tabulations of plotted data are avail - m- 

Data Management Services. “liable on request from 
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